Surgical departments are increasingly put under pressure to improve services, cut waiting lists, increase efficiency and save money. At a district general hospital in the west-midlands we approached the challenge of improving efficiency and optimising the services available in our orthopaedic theatres.
Problem
At The George Eliot Hospital (Nuneaton, UK), theatre utilisation in orthopaedics has been identified as suboptimal on the basis of previous audit. This data demonstrates that the first case can often begin at 10:30 AM when the intended start time is 9:00 AM. In addition, there can be significant delays between each case.
The trauma list is affected most significantly and can be delayed up to two hours between cases. From discussion with various members of the theatre team it seems that the reasons for the delays are multifactorial but are often considered to be predictable and preventable. Examples include the patient not having been sent for, the patient's being fed, outstanding investigations (bloods, ECG, echocardiogram etc), unavailable equipment, and inadequate staffing levels.
The delays between cases typically means that the operating lists overrun and this leads to further delays for pending cases.
Additional contributing factors include inadequate staffing levels and other demands on the emergency theatre (for example general surgical emergencies which share the list and often take priority).
Furthermore, if an elective list overruns, evening staff are taken from the emergency list resulting in an inability to perform work in the emergency theatre creating further delays and cancellations.
The cancellations and delays can in theory compromise the quality of care of those patients awaiting surgery. They undermine the timeliness, efficiency and effectiveness of care, and they are often not patient-centred. They also have secondary effects. Delays may lead to increased length of stay, increasing hospital acquired infections, and creating significant dissatisfaction for patients and relatives. They increase both the bed days of the patient and hours the operating theatre is not in use; this creates considerable cost to the trust.
Background
George Eliot hospital has two elective operating theatres for eight orthopaedic consultants. As well as this, there is an emergency list which dedicates at least one session to orthopaedics each day.
Further sessions are offered to obstetrics and gynecology and general surgery.
Just like in any other hospital, the theatres in George Eliot work like complex systems. They require a multitude of healthcare professionals to work in harmony for it to function. Each team member must provide their skill, in a time crucial manner, for the theatre to operate efficiently.
The operating room is home to both life saving, and quality of life saving intervention. It is also one of the most expensive things to maintain for an NHS trust. Therefore, effective cohesion, utilisation, and efficiency of: the theatre space, preoperative planning, and Orthopaedics achieved only 69%, exceeding the acceptable total daily delay time of 45 minutes. Hospital-wide factors were the most common reason for the delays (72%). Forty-eight percent were due to ward bed issues, 15% due to "doctor" factors, and 13% to inadequate pre-operative assessment. The estimated projected cost to the Trust over one year was significant at over £1 million ($1.5 million). [3] Pandit, et al. demonstrated a significant (6%-60%) improvement in start-time with the use of a theatre facilitator on an orthopaedic trauma list. [4] Christopher, et al. aimed to define theatre efficiency and did so as "maximising utilisation, minimising over-running and minimising cancellations on a list." Through models they demonstrated that incorporations all of these aspects of efficiency can yield the most effective improvements in theatre efficiency. [5] 
Baseline measurement
Data was collected over a three week period in a prospective manner from both the elective and trauma orthopaedic theatres. We prioritised the accurate collection of the timings of each step of the surgery. These included the times: sent for, arrival in anaesthetic room, arrival in theatre, start of operation, end of operation, out of theatre and time the next patient was sent for. Each case used its own data collection form and the data collector was present at each step of the data collection point to ensure accurate readings.
If at any point there was a delay in any parameter of this process, this was documented and reasons/opinions from each health-care discipline was sort: surgeon, anaesthetist, scrub nurse, ODP, theatre staff. The data collection forms provided all sourced reasons for delay as well as those obtained from literature and allowed a tickbox style collection to be made. There was also a free text box for any reasons for delay which did not fit into the printed list. The reasons for delay were collected along with opinions on how the problem could have been avoided or how the situation leading to the delay could have been improved. As well as this, we made note of whether a consultant or registrar was operating when the teambrief was performed and if any issues were highlighted during the team brief.
We collated the data and categorised the causes of the delays and 
Design
The first PDSA cycle of the audit was presented to the hospital directorate. This included members of the orthopaedic, anaesthetic, theatre and financial teams. The problems identified in the study were discussed alongside potential solutions of improving efficiency.
The first cycle highlighted that significant issues arose from delays in the trauma theatre, which we subsequently prioritised as an area to improve efficiency. We further discussed and considered other interventions: ring fence beds for orthopaedic patients, a trauma facilitator, staggering recovery nurses start times, and more recovery beds. Consensus was made that these can be considered following the review of the current interventions.
Strategy
PDSA cycle 1: The golden patient forms were added to the orthopaedic trauma ward and into the orthopaedic folder on the intranet, which is accessible anywhere in the trust. The orthopaedic team were instructed that a nominated patient needs to be identified each day and this must be confirmed by the 8:00 PM handover at the latest each day.
The initial week of installation of the new change was successful.
The project team were on-call at night and able to initiate the changes as well as this we were able to work as a proxy theatrefacilitator. This ensured all components of the golden patient form had been completed and the patient had been discussed with the appropriate team members to allow the patient to be ready to be sent for by 8:00 AM. Over the following two weeks, the on-call night SHO was effectively briefed prior to their week of nights, discussions took place during the morning identifying pitfalls involving the on-call registrar and consultant. This again proved to be successful maintaining the improved start times.
The following weeks were significantly less impactful. The golden patient was not consistently used by the team each day and a patient was chosen only if the team remembered to do so. As such the project demonstrated a far less dramatic change in start times.
The trend seemed to suggest that without active intervention from the project team the changes would not be sustained and the start times would return back to baseline.
PDSA cycle 2: In order to address this issue we re-implemented the changes and discussed with the teams how we could ensure that the intervention is used. The main obstacle proved to be that on busy shifts the golden patient idea was either forgotten or not considered a priority in terms of time management. We therefore made it a mandatory part of the evening nursing handover that the nominated golden patient was identified. If one had not already been identified the on-call SHO could be reminded. This produced similar results to the first weeks of the study. 
Post-measurement
The data collection was performed over a twelve week period from October 2014 to January 2015. Six weeks of which, were prior to the intervention and six weeks of which were after the introduction of the "golden patient".
The attached charts shows a running plot of the aggregated data of the 12 weeks, split into 16 data points; with the intervention taking place on point 9.
Prior to the intervention, the mean time the first patient was sent for The charts attached, display data points in minutes after 9:00 AM.
They show a significant improvement in start times following the intervention. All data points are lower than the pre-intervention mean. This is indicative of special cause variation, the conclusion of which would suggest that the use of the golden patient model has a causal relationship to the improvement in operation start-times in the trauma theatre.
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See supplementary file: ds4750.pptx -"Charts of theatre start times"
Lessons and limitations
The initial aim of the study was to improve the efficiency of the orthopaedic theatres at George Eliot Hospital. We planned to achieve this by starting the cases earlier and cutting wasted time though optimising the facilities available but this was far too ambitious. This was a broad aim attempting to address too many variables.The preliminary data collection was very useful in narrowing our objectives, it provided the opportunity to identify a single significant problem that needed to be addressed as well as highlighting strategies for overcoming the problem. 
